We investigated working memory updating performance in younger and older adults before, during, and after 100-day practice. Performance to presentation time (PT) relation was fitted to a negatively accelerated logistic function. Relative to younger adults, older adults showed lower asymptotes at pretest and posttest, and shallower slopes at pretest. Older adults practicing the task with fast PT gained less than older adults practicing the task with slow PT, probably reflecting the persistent use of a selective strategy throughout the 100-day practice period in the fast PT group. These results have implications for designing and evaluating age-comparative working memory training programs.
information while new information is registered. Processes involved in updating predict WM capacity (Smith & Jonides, 1999) and complex span performance (Schmiedek, Oberauer, Wilhelm, Sü␤, & Wittman, 2007) , as well as intelligence (Friedman et al., 2006) . Relative to younger adults, older adults show impaired updating ability (Hartman, Dumas, & Nielsen, 2001) , rendering this function a suitable candidate for intervention (see also . But in comparison to other cognitive functions, such as episodic memory and task switching, memory updating did not receive as much attention in the intervention literature, despite promising results from two studies that documented general positive effects of updating practice in older adults Li et al., 2008) . Therefore, to build on the emerging literature, we focused on the updating task of our broad task battery, particularly taking a microgenetic approach to provide more fine-grained insight into the training of memory updating in younger and older adults. In this vein, we want to point out that the choice of 100 days of practice should not be prescribed as the required dosage for training, as previous updating studies with shorter training phase (e.g., 5 weeks in demonstrated positive training results in older adults (but see Jaeggi et al., 2008 , for effect of training dosage on transfer). Rather, the extensive training phase of the COGITO study was to allow for more fine-grained analyses of intraindividual variability, analogous to measurement-burst designs.
Based on both theoretical and empirical grounds, an important feature that training paradigms need to incorporate is adapting task difficulty to individuals' ability level (cf. Vygotsky, 1978) . According to Lövdén and colleagues , the driving force of plastic alterations is a prolonged mismatch between functional capacity and experienced demands. Hence, demands need to be within the range of functional capacity to efficiently trigger plasticity, and the mismatch should be located between the extremes of being either too easy or too difficult.
In the COGITO study, careful consideration was given in presenting tasks at the appropriate difficulty level. This was attempted by adjusting the presentation time (PT) of the updating task based on time-accuracy function (TAF), which was assessed for each participant at pretest sessions, so that accuracy levels were above chance levels but still low enough to allow for a great amount of improvement without a ceiling being reached. For the updating task, participants were assigned to different PT practice conditions (i.e., 750 ms, 1500 ms, or 3000 ms) according to their TAF at baseline (see details in Method section). Individualized PTs were kept constant across the 100 sessions of the study, reflecting the investigators' interest in observing day-to-day fluctuations that are uncontaminated by variations in task difficulty. During the posttest sessions, participants were again assessed by TAF.
TAFs provide a joint description of speed and accuracy at the individual level that can be interpreted in general mechanistic terms. Accuracy is modeled as a negatively accelerated logistic function of PT. The function assumes (a) a minimum amount of PT is required to initiate processing, (b) beyond this minimum amount, PT is translated into carrying out the core cognitive processes necessary for achieving the task, and (c) after a certain maximum amount of PT, there is little to be gained by having more PT available (Kliegl, 1995; Kliegl, Mayr, & Krampe, 1994) . In this sense, the parameter estimates derived from TAF separate processing from asymptotic aspects of WM performance (cf. Norman & Bobrow, 1975) .
So far, WM training studies have not distinguished training effects on processing and asymptotic components systematically. Some studies relied on accuracy measures, response time, or both, but without considering the relations between the two measures (e.g., Li et al., 2008) . This comes with interpretational ambiguity, as differences between studies may reflect substantive variations in the construct of interest, in the scales or dimensions used, or both. The use of different measures renders attempts to integrate findings from the accuracy and time domains difficult, particularly because the relation between these two domains varies by task complexity and age (Kliegl et al., 1994; Verhaeghen, 2000) . In contrast, TAF provides a joint time-accuracy platform for the investigation of age differences (cf. Cerella, 1990) .
TAF is a nonlinear function. In this paper, TAFs were modeled using nonlinear mixed (NLME) models (Pinheiro & Bates, 2000) . This analysis strategy carries the advantage that fixed effects (i.e., sample averages) and random effects (i.e., individual deviations from sample averages) representing TAF parameters are estimated simultaneously. Modeling TAF using NLME models is methodologically innovative because previous applications of TAF were generally limited to mean differences (except for Oberauer & Kliegl, 2006) . By using NLME models, the parameters derived from the TAF can be modeled simultaneously as a function of quasi-experimental manipulations (i.e., age) and experimental manipulations (i.e., PT) at the sample level (i.e., fixed effects of age and PT), and as a function of interindividual differences (i.e., random effects).
The primary goals of this study were to examine both mean age and individual differences in effects of practice on WM updating in younger and older adults. We expected younger and older adults to differ in the asymptotic and processing components of memory updating. Based on positive training outcomes documented by previous studies, both age groups were expected to show gains in memory updating components after 100-day practice. However, we did not expect age differences in memory updating to be completely overcome. With more exploratory analyses, we also examined individual differences in practice gains as a function of the practice condition (based on PT) and individual differences in strategy use. The close examination of strategy use in task processing during training is a central, but often overlooked, component in evaluating the design of a training study. In addition, it provides useful clues on individual and age-related differences in task-relevant mechanisms (cf. Hertzog, Cooper, & Fisk, 1996) . In this study, we identified and examined a selective strategy that was often used by the participants across the 100-day phase. We expected that the adaptive use of the selective strategy would relate to greater practice gains, as it allowed individuals to keep task difficulty in the medium (i.e., most performance-enhancing) range.
Method Participants
Participants were recruited through newspaper advertisements, word-of-mouth recommendation, flyers distributed in university buildings, community organizations, and local stores. The advertisements targeted people who were interested in practicing cog-nitive tasks for 4 -6 days a week for a period of about 6 months. Financial remuneration was mentioned, but no details were given regarding amounts in the advertisements. There were no explicit exclusion criteria for the study. However, several steps were taken to maximize the chance that we included participants who were willing and capable of remaining with the study throughout. First, interested people were given information about the study in a telephone interview and inquiries were made as to whether the requirements for participation in the study, in particular, the time investment, could be met. Potential candidates were then invited to join a 1-hr "warm-up" group session whereby the general aims of the study were explained and detailed information on incentives was given.
During the practice phase of the study, 101 younger (51.5% women; age: M ϭ 25.6 years, 20 -31 years) and 103 older adults (49.5% women; age: M ϭ 71.3 years, 65-80 years) completed an average of 101 practice sessions (younger adults: M ϭ 100.8, SD ϭ 2.6, range ϭ 87-109; older adults: M ϭ 101.0, SD ϭ 2.7, range ϭ 90 -106). Older adults were administered the MMSE at pretest and posttest and had at least a total score of 25 on one of the two occasions. Furthermore, both younger and older samples were relatively representative regarding general cognitive functioning, as indicated by comparisons of Digit Symbol performance with data from a population-based study and a meta-analysis (see details in . More descriptive characteristics about the sample can be found in Table 1 . Further information about the study is reported in previous publications (Schmiedek, Bauer, et al., 2010; .
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Attrition rate for participants who had entered the longitudinal practice phase was low (i.e., 15 out of 219 participants; for details on rates and reasons of dropout in the different study phases, see Schmiedek, Bauer, et al., 2010) .
Procedure
Before and after the longitudinal phase, participants completed pretest and posttest in 10 sessions that consisted of 2-2.5 hours of comprehensive cognitive test batteries and self-report questionnaires. On average, the time elapsing between pretest and posttest was 197 days for the younger and 188 days for the older adult groups, respectively.
During the longitudinal practice phase, participants scheduled daily sessions (1.0 -1.5 hours) on an individual basis for up to 6 days a week (including Saturdays). Participants worked on the tasks individually in rooms with three to six workstations. At the end of each session, participants received feedback on their own performance on all tasks, including average accuracies and reaction times. They were also able to receive printouts of these results to take home. Discussing results with staff members was not an official part of the procedure. But if participants had questions, the staff members were available and open to talk about them.
Memory Updating Task
In this adapted version of numerical memory updating (Salthouse, Babcock, & Shaw, 1991) , four single digits (ranging from 0 to 9) were presented simultaneously for 4000 ms in four horizontally arranged cells. After an ISI of 500 ms, a sequence of eight updating operations was presented in a second row of four cells (directly below the first row of four cells where the digits appeared). These updating operations were additions and subtractions within a range of Ϫ8 to ϩ8. They had to be applied to the digits memorized from the corresponding cells above, and the updated results had to be memorized. Possible PTs of updating operation were 750, 1500, 3000, and 6000 ms (in blocks). ISI was 250 ms. At the end of each trial, the four end results had to be typed into the four cells.
The same test version was used for both pretest and posttest, except that at pretest, participants were given a practice block with 6 trials on each PT. For the actual test, there were 12 trials for each PT, divided into two blocks. The sequence of block was fixed to be 6000 ms, 3000 ms, 1500 ms, 750 ms, 750 ms, 1500 ms, 3000 ms, and, finally, 6000 ms. By using the same test version, we made sure that the tests at pretest and posttest did not differ in difficulty or any other subtle characteristic. However, possible retest effect should be kept in mind when interpreting the results.
For the 100-day practice, eight blocks were included in each daily session. In between blocks, participants were allowed to make breaks at their own pace and start the next block by themselves. The median time spent on the updating task was about 3.5 min for the younger and 4.5 min for the older adults (from when the first block began until the results of the last block were entered). Participants were assigned into practice conditions of either having 750, 1500, or 3000 ms for updating operation based 1 The COGITO study also consisted of a no-training control group, with 44 younger (age 21-29 years) and 39 older adults (age 65-81 years). Detailed information about the control group, particularly in regard to training gain and transfer effect, can be found in . Health complaints 0.6 (0.4) 0.6 (0.4) Number of illness 1 (1.1) 3.6 (2.4) Self-rated sleep quality 1.9 (0.7) 1.9 (0.6)
Note. Scale for health complaints ranged from 0 (none), 1 (little), 2 (some), 3 (considerable), to 4 (strong), averaged across 33 kinds of complaints (e.g., headache, lethargy, memory loss). Number of illnesses referred to the sum of "yes" response across 31 kinds of illnesses (e.g., neurological disorder, cancer). Sleep quality ranged from 0 (very bad), 1 (quite bad), 2 (quite good), to 3 (very good).
on their pretest performance. Pretest performance was estimated individually by fitting TAF to each person's data. Specifically, participants who were assigned into the fastest practice condition (750 ms) performed at pretest above 32.5% for the 750-ms condition or above 55% in the 1500-ms condition at pretest. Participants assigned into the 1500-ms practice condition performed between 32.5% and 55% at pretest in the 1500-ms condition, or above 55% in the 3000-ms condition. The rest of the sample was assigned to the 3000-ms practice condition. In total, 63 younger adults were assigned to the 750-ms condition, 33 to the 1500-ms condition, and 5 to the 3000-ms condition. For older adults, 30 were assigned to the 750-ms condition, 52 to the 1500-ms condition, and 21 to the 3000-ms condition.
Results

TAF at Baseline and Posttest: Age and Practice Effects
As mentioned earlier in the article, NLME was used as a data analysis tool for fitting TAF. We used SAS PROC NLMIXED. The relation between time (pt) and accuracy (p) can be modeled as a negatively accelerated function (e.g., Lohman, 1989; Wickelgren, 1977) . In particular, we modeled the TAFs (simultaneously for each age group at pretest and posttest) with the following general logistic function:
where d is a parameter for chance performance; a is the asymptotic maximum accuracy; b, scaled in terms of time, represents the steepness of the function and thus the efficiency of processing over time (i.e., the rate with which the asymptote is approached); and Ϫc/b represents the inflection point at which changes in PT lead to maximum changes in accuracy. For the present analysis, d is fixed to 0.10 because there were 10 potential answers (0 through 9). In contrast to previous studies, we modeled the TAF as logistic instead of negative exponential functions. The two functions are relatively similar but the logistic function provided better fits to the current data. The estimated TAFs of each age group at pre-and posttests are plotted against PTs in Figure 1 . The estimates of each TAF parameter (fixed effects) are summarized in Table 2 . To examine the effects of age and practice, models in which relevant parameters were constrained to be equal were estimated (see model comparisons in Table 3 ). All models were estimated with a loglikelihood fitting function (Ϫ2LL). The constrained models were nested within the freely estimated models, such that the Ϫ2LL difference is chi-square distributed with degrees of freedom equal to the difference in the number of parameters. Hence, chi-square tests were used to compare nested models. The alpha level was set to p ϭ .01, corresponding to a critical chi-square value of 6.63 for 1 degree of freedom.
Overall, younger and older adults showed significantly different asymptotes and slopes at pretest, such that younger adults reached higher levels of asymptotic performance and were more responsive to the increase of PT. Both age groups improved significantly in asymptotes and slopes after 100 days of practicing the task. At posttest, older adults still reached significantly lower asymptotic performance, but their mean slope was no longer different from younger adults. Examining the difference curves in estimated accuracy between the two age groups helps in identifying practiceinduced shifts in age group differences. At pretest, the group of older adults performed below the level of younger adults across short and long PTs. At posttest, age group differences were con- Figure 1 . Estimated time-accuracy function and difference curve of younger and older adults before and after 100-day practice. fined to very short PTs. Thus, practice narrowed the performance gap between younger and older adults without closing it.
Evaluating Gain by Practice Condition
Given that participants were assigned to three different PT conditions for the 100-day practice phase, we also estimated the TAFs separately by condition. Due to the small number of participants assigned to the 3000-ms condition, stable estimation of TAF parameters could not be achieved and the group was not included in the analyses reported here. For illustration, the TAF plots of participants assigned to the 750-ms (fast group) and 1500-ms (slow group) practice conditions are presented in Figure 2 , separately for younger and older adults.
As observed in Figure 2 , participants in the different practice groups differed greatly in pretest performance, reflecting the nonrandom nature of the group assignment. The largest group differences were observed in the middle range of PT, that is, between 1 and 3 s of PT. In either age group, differences in asymptotes between the two practice groups appeared no longer reliable at posttest. In the group of older adults, differences in slopes vanished as well. For younger adults, posttest slope differences as a function of practice group seemed to confine to very short PT (i.e., less than 1 s).
To formally capture these patterns, we further examined the performance of different groups (defined by the crossing of age and practice group) separately for each PT using a latent difference score model (LDSM) in a multiple group setting (see Figure 3 ; cf. McArdle & Nesselroade, 1994 ). In the model, the improvement in performance between pretest and posttest is captured by a latent difference variable whose mean, variance, and covariance are estimated separately for the four groups (i.e., younger adult/fast, younger adult/slow, older adult/fast, older adult/slow groups). The corresponding parameter estimates are presented in Table 4 . Between-groups differences in parameters were again tested with nested model comparisons.
Regarding age differences within practice groups, there was no difference in performance between younger and older adults for their pretest performance in the condition they were assigned to. This finding suggests that the assignment of individuals into practice groups worked well in ensuring that people within each group performed similarly at baseline. However, younger and older adults differed in how much they gained from the practice. Specifically, younger adults gained more than the older counterparts, both within the fast (.29 vs. .06, ⌬ 2 ϭ 34.33, df ϭ 1) and slow (.41 vs. .28, ⌬ 2 ϭ 18.78, df ϭ 1) practice groups.
When examining differences in initial performance and practice gains within age groups as a function of practice condition, we confirmed that participants in the fast practice group performed better than participants in the slow practice group at pretest for both 750 ms and 1500 ms, again reflecting the nonrandom assignment of participants to practice groups. For 1500-ms PT, participants in the slow practice group gained significantly more than those in the fast practice group, leading to a reduction of performance differences with practice. This was the case for both younger adults (.41 vs. .18, ⌬ 2 ϭ 47.92, df ϭ 1) and older adults (.28 vs. .07, ⌬ 2 ϭ 40.99, df ϭ 1). This finding is not surprising given that those trained on the slow (i.e., 1500 ms) condition should gain more in the 1500-ms condition. However, a different pattern emerged in the 750-ms condition. Both younger and older adults of the fast practice group (i.e., 750 ms) showed practice gains that did not differ reliably from the practice gains of their age peers in the slow practice group (⌬ 2 Ͻ 6.63, ns). Taken together, participants assigned to the fast practice group did not gain as much from practice participants assigned to the slow practice group. For younger adults, this might be related to their relatively high performance already at pretest, which may have limited the room for further improvement. However, this explanation is unlikely to hold for older adults in the fast practice group, who showed smaller gains in performance than older adults in the slow practice group despite sufficient room for improvement. 2 2 We also estimated the LDSM including the no-training control group of younger and older adults. When comparing the difference score estimate, indeed older adults in the fast practice condition did not show significantly higher gain than the older adults control group (for PT ϭ 750 ms, M_diff ϭ .04; for PT ϭ 1500 ms, M_diff ϭ .03; compare estimates in Table 4 ). However, younger adults in the fast and slow practice conditions, as well as older adults in the slow practice condition, showed significantly higher gain than their age peers in the control group. This additional analysis reinforced our findings that gain in the older adult group was mainly driven by participants in the slow practice condition. 
Differential Use of Selective Strategy by Practice Group
To examine the reason why older adults in the fast group did not gain much from practice, we turned to the daily data and took a closer look at how participants approached the task during the practice period. The updating task was set up with four cells (presented in a horizontal array), in which arithmetic operations appeared sequentially in a random manner and digits within the fours cells had to be processed and updated. This set up makes it possible for participants to only process a subset of the four cells to render the task more manageable (e.g., ignore the digit and updating operations of one or several of the cells). Thus, we analyzed individuals' performance for each of the four updating cells to explore the possibility that participants in the two practice groups differed in strategy use. We rank ordered individuals' performance for the four cells from best to worst, separately for each day across the practice phase. If a participant used the selective strategy, the performance of the ignored cell should be close to chance and/or clearly lag behind the performance of the other cells in which the participant paid attention to. The four panels in Figure 4 are performance of four individuals who showed different patterns of change. Participant A, an older adult in the slow group, demonstrated equal improvement in performance in all four cells, suggesting that he or she paid attention to updating all cells in a similar manner. Participant B, a younger adult in the slow group, initially focused only on the updating operation of two cells. But roughly at the midpoint of practice (e.g., after approximately 50 sessions), he or she showed sharp improvements in the third cell, while the performance for the cell with the lowest performance did not change much throughout. We called these individuals decreasing selectors. Participant C, an older adult in the fast group, showed little gain in performance across all four cells. Finally, Participant D, a younger adult in the fast group, persistently showed good performance for two cells but low performance for the other two cells, thereby showing a selective preference for two of the four cells. We called these individuals fixed selectors. To formally capture the pattern of each group, we modeled the relation between time (day) and accuracy of best-to worstperforming cells (rank-ordered each day by performance) separately as a negatively accelerated logistic function, similar to the one used for the TAF. The estimated trajectories of each group are illustrated in Figure 5 . As can be seen, older adults in the fast practice group clearly lagged behind in their third and worst performing cells, with the worst cell being at the chance level throughout the practice phase. This result suggests that these older adults might have ignored the updating operations of one of the four cells through the practice phase. Younger adults in the fast group (and, to a lesser degree, older adults in the slow group) also showed a gap in performance between their worst cell and the other three cells, but the gap was not as large compared to the one of the older adults in the fast group.
An alternative way to rank order the cells is to take the average of each cell from left to right position, as they were presented in a horizontal array, across all days. In contrast to the previous analysis, in which the identity of cells could change from day to day, this alternative approach retains the identity of the cells across sessions for a given person. Analyzing the data in these two different ways addresses, to some degree, the question of whether the use of the selective strategy was intentional, as the second approach would suggest a coherent and possibly intentional strategy, while the first approach could also be seen as a nonstrategic byproduct of neglect due to lack of resources (i.e., it was simply too taxing to update four cells). The two ways of analyzing the data yielded very similar results. In both analyses, older adults in the fast group clearly lagged behind in their third and worst performing cells, with the worst cell at chance level of performance throughout the practice phase. Similarly, younger adults in the fast group also showed a gap in performance in their worst cell. Also, accuracy followed a left-to-right pattern, in the sense that cells further to the right of the array were associated with lower levels of performance.
3 In sum, the selection of which cell to pay attention to for performing the updating operations was largely coherent.
Discussion
In this study, we reported a set of analyses in which the relation between PT and memory updating performance was modeled as a negatively accelerated logistic function, before and after 100-day practice, in younger and older adults. The two age groups showed significantly different asymptotes and slopes at pretest, indicating that both the processing and asymptotic components of memory updating were compromised in older adults relative to younger adults. Thus, older adults were less capable of making use of additional time available for processing and showed reduced upper limits of performance when given maximum amounts of time for processing. After 100 days of practicing the task, asymptotes and slopes had improved in both age groups. Age group differences in asymptotic performance persisted at posttest, pointing to an agerelated decline in memory updating that was not overcome by 100 days of practice.
Based on pretest performance, participants were assigned to practice conditions that differed in PT. When inspecting practice gains as a function of PT condition, we found that participants assigned to the fast condition (750 ms) gained less from practice than participants assigned to the slow condition (1500 ms). For younger adults in the fast practice condition, room for improve-3 To further explore support for an adaptation-based interpretation of condition differences in performance gains without the confound of initial difference in WM, we identified a subgroup of older adults from each practice condition who showed closest levels of performance at pretest for the updating task at PT of 750 ms and 1500 ms. In particular, the 12 highest performing older adults in the slow condition and the 11 lowest performing older adults in the fast condition were selected. At pretest, the two selected subgroups did, in fact, not differ reliably from each other for the 750-ms condition (p ϭ .6), while for the 1500-ms condition, the fast subgroup (.53) performed slightly better than the slow subgroup (.46), F(1, 21) ϭ 4.11, p ϭ .06. Examining specific PT condition at posttest, for the 1500-ms condition, the 12 selected older adults in the slow group (.68) tended to perform better than the 11 selected age peers in the fast group (.59), F(1, 21) ϭ 3.26, p ϭ .09, despite the initial higher performance of the fast subgroup at pretest for this condition. No other significant or marginally significant difference was found for the other PT conditions. When examining the use of selective strategy in these subgroups of older adults, it was found that the patterns resembled the full sample. Namely, participants in the slow subgroup tended to leave out two cells in the beginning but gradually included one more cell, whereas participants in the fast subgroup tended to leave out two cells throughout the 100 days of practice. In sum, differential use of selective strategy was found in these subgroups of older adults, despite the matching of pretest performance. ment may have been limited due to high levels of pretest performance. This explanation does not hold for older adults in the fast-practice condition. In their case, the persistent use of a selective strategy throughout the 100-day phase may have resulted in less frequent and demanding drilling of updating operations in the course of practice. In contrast, older adults in the slow PT condition also tended to focus on only two cells of the task in the initial period of practice but gradually included more cells when working on the task. The interpretation that differences in practice regime contributed to differences in performance gains beyond initial differences in performance was supported by exploratory subgroup analyses based on older adults who showed similar performance at pretest (see Footnote 3). Again, older adults assigned to the slow practice group attained slightly better updating performance at posttest than those assigned to the fast practice group, and also showed less fixated use of selective strategy. These results have implications for our previous report that demonstrated training gain and transfer effects in a latent WM factor for the practice group . Given that participants were assigned into different PT conditions for all three WM tasks, it is important to further examine to what extent gain and transfer effects in the older adults were driven by participants of certain PT conditions. We note similarities between the present approach and the microgenetic method advocated by Siegler and others to study the adaptive nature of children's variability in strategy use (see review in Siegler, 1996) . The microgenetic method involves obtaining frequent samples of children's behavior as their cognition is undergoing change. In this article, we demonstrate that the consideration of strategy use in task processing is also important in evaluating practice paradigms and gains, especially for understanding the cognitive mechanisms that are intended for practice. While the use of a selective strategy in the updating task may seem less adaptive at first glance, we should keep in mind that individuals engage in selection of strategies (either automatically or consciously) for a task depending on the performance goals of the individual, the affordances of the task context, and the individual's capabilities. The selective strategy may indeed be adaptive by holding difficulty of the task at a maximally manageable level for the individual. Moreover, this strategy can be adapted over time so that task difficulty is kept at the maximally manageable level and therefore enhances the demand characteristics of the practice re- gime (not too difficult and not too easy; cf. Lövdén et al., 2010) . From this point of view, the decreasing selectors (see Figure 4 , panel B) were using the most adaptive strategy. The fixed selectors (see Figure 4 , panel D), on the other hand, were initially using the same strategy but failed to eventually include more cells in their processing. The group analysis showed that most of the older adults in the fast condition behaved like fixed selectors.
There are several possible reasons for the extensive use of the selective strategy by older adults assigned to the fast condition. In the skill acquisition literature, there is a substantial amount of evidence indicating that the strategies used by older adults in a variety of learning situations are less optimal than those used by younger adults (Hertzog et al., 1996; Rogers & Gilbert, 1997; Touron & Hertzog, 2004a , 2004b . In a task in which participants verify whether a centrally presented target noun pair matches one of a set of pairs contained in a lookup table at the top of the screen, Hertzog (2004a, 2004b) reported that older adults were more reluctant to shift from a scanning strategy to the retrieval of noun pairs during the course of skill learning. This age difference remained even when older adults had sufficient knowledge of the noun-pair associations to support the retrieval-based strategy, arguing against an age-based learning deficit as the reason for older adults' reluctance to shift strategy. Rather, Touron and Hertzog (2004b) showed that age differences in strategy selection were reliably associated with older adults' lack of confidence in using the retrieval strategy, pointing to the importance of metacognitive factors. It is possible that, while the older adults assigned to the fast condition had initial higher WM capacity, the fast presentation of stimuli created a situation that taxed the upper limit of their functional range, both objectively and subjectively. In this group, accuracies for the two cells with the lowest and second-to-lowest scores were consistently below 30%. These low levels of performance might have affected their subjective perception of how they were performing in the task, which influenced their subsequent choice of strategies. We agree that this study did not provide conclusive evidence about the degree to which strategy choices were deliberate or incidental. However, the consistent rankordering of cells across sessions by array position renders it likely that the selective strategy observed in this study was intentional and goal-directed, and not just an automatic consequence of scarce re- sources. The present paradigm seems well suited to explore this question in future studies.
This study has several limitations that should considered. First, the assignment of individuals to practice conditions was nonrandom, confounding the interpretation of group differences in strategy use and performance gains. The subgroup analyses served to attenuate this shortcoming. Second, although we demonstrated that older adults in the fast condition were behaving like fixed selectors, we did not attempt to relate patterns of strategy use to learning within individuals. Third, we analyzed data from one task of a 12-task practice battery. Exposure to the other tasks might have influenced performance on the memory updating task, and the exact mechanism of practice is difficult to tease apart. Rather, the unique aspect of our current analyses is to complement previous promising results of updating training (e.g., Li et al., 2008) by taking a more fine-grained approach to examine individual differences in strategy use. The use of such selective strategy has not been documented in the WM training literature and we think that our article serves to underscore the importance of considering strategy use factors. Our results are also in line with the call for implementing alternative research designs, such as measurement-burst designs, for gaining more fine-grained understanding of mechanisms of cognitive enrichments (see Hertzog et al., 2009) .
To situate our study within the broader context of cognitive enrichment in the public domain, the external validity of our results and scalability of the training paradigm remains to be demonstrated. Despite huge commitment required from the participants, the attrition rate was remarkably low in the COGITO study. Although this is a desirable characteristic of interventions, there are several qualifications to be considered. The first issue is that our sample may be more positively selected than the general population. Cognitively, we demonstrated that our younger and older samples were quite representative, as indicated by comparisons of Digit Symbol performance with data from a populationbased study and a meta-analysis . However, our training group-in particular, the older adultsmight indeed be more motivated that those who chose not to participate to remain cognitively intact. Another consideration is the strong financial incentives the participants received. For many participants, the increase in social contact and gains in selfefficacy were also important factors for keeping them committed to the program (see Schmiedek, Bauer, et al., 2010) . These are factors that need to be taken into consideration when designing cognitive intervention to ensure programs are sustainable and accessible to the larger public.
Furthermore, as the older adults of our main study were mostly elderly with relatively intact cognitive functioning, the clinical implication of the training is not immediate. However, participants in our main study were recruited again for a 2-year follow up, which included measurements on all cognitive tasks and more detailed health assessments. In addition, about 90% of the older adults and 50% of the younger adults also started to participate in the Socio-Economic Panel (SOEP), a representative longitudinal household survey in Germany conducted by the German Institute for Economic Research. With several longitudinal follow-ups on both the practice and control groups, we anticipate to have more appropriate data to evaluate the clinical utility of our training procedure, including the possibility of postponing decline and pathological aging.
In conclusion, the results of this study show that 100 days of practice improved older adults' memory updating performance up to the level shown by younger adults at baseline. Older adults assigned to the slow PT condition brought about most of these gains. Older adults in the fast condition might have been confronted by an overly difficult task and apparently settled on a strategy that was less effective in promoting performance gains. These results have general implications for the design and evaluation of cognitive interventions in old age. Although task difficulty was adjusted individually based on baseline performance, our study revealed the shortcoming of not adapting task difficulty across the practice phase dynamically. Dynamic adjustment of task difficulty should be the goal of practice and training, as it serves to promote learning by continuously calibrating task difficulty at a challenging, yet manageable, level (e.g., Brehmer, Li, Müller, von Oertzen, & Lindenberger, 2007; Klingberg et al., 2005) . Our results also suggest that microgenetically assessing and monitoring older adults' approach to the cognitive task they practice is important. Furthermore, a closer examination of metacognitive factors, which include motivational, self-related, and volitional dimensions, may enhance the efficiency of training programs and provide a more complete and dynamic picture of cognitive change.
